Objective To evaluate the association between cycling to/from school and body composition, physical fitness, and metabolic syndrome among a sample of Colombian children and adolescents.
Conclusion Regular cycling to school may to be associated with better physical fitness and a lower incidence of metabolic syndrome than passive transport, especially in girls. (J Pediatr 2017; 188:57-63) .
A ctive school transport (AST), including walking, cycling, and even public transportation, is one component of an active lifestyle. 1 There is emerging and consistent evidence indicating that AST increases physical activity levels in children and adolescents. 2, 3 Physical activity has many benefits for young people; however, the evidence linking AST directly to health outcomes has not been examined in detail and remains unclear. The vast majority of studies have shown a positive relationship between AST and physical activity levels. 4 In addition, there is a consistent evidence that cycling to and from school is associated with greater cardiorespiratory fitness; however, the association between AST and indicators of body composition, as well as other physical fitness components, remains equivocal. 4 In youths, several factors have been described as more or less influential determinants regarding the decision to commute actively, including socioeconomic status, characteristics of the natural environment, parental educational level, social support for active commuting, distance between school and home, and the perceptions of parents and children regarding neighborhood characteristics. 5, 6 Despite the importance of AST as a strategy to promote physical activity in achieving the international physical activity guidelines of the World Health Organisation and the high rates of physical inactivity (≈70%) and sedentary lifestyles among students in Bogotá, 7, 8 to date few studies have analyzed correlates and healthrelated associations in this population. 6, 9 Thus, the aim of the present study was to analyze the association between cycling to and from school and adiposity, physical fitness, and cardiometabolic risk factors in a sample of Colombian children and adolescents.
Methods
We performed cross-sectional analyses of baseline data from participants of the Association for muscular strength with early manifestation of cardiovascular disease risk factors among Colombian children and adolescents (FUPRECOL) study, which focused on the associations among fitness, health, and noncommunicable diseases. The FUPRECOL study design, methods, and primary outcomes for our present cohort have been described previously. 10 In this study, we included a subsample (n = 2877) of 9-to 17.9-year-old healthy Colombian children and adolescents. Data were collected between 2013 and 2016.
11 Individuals with psychiatric disorders, pregnancy, cardiovascular disease, systemic infections, asthma, or other physical impairments that made them unable to participate in this study, as well as individuals using any prescribed drugs or actively using illegal or illicit drugs, were excluded from the investigation.
Self-perceived commuting to school as well as the cutoff point were assessed following the methodology of the Health Behaviour in School-Aged Children questionnaire. 12 The method of commuting to school was elicited by asking the question "have you used a bicycle to get to school and get back home?" Youths were asked to quantify their commuting to school during the previous week, recording the data from Monday to Friday. For the analyses, cycling was dichotomized to "yes" (individual had reported cycling 3 or more days per week) or "no" (individual had reported cycling fewer than 3 days per week).
All data were collected at the same time in the morning, between 7:00 a.m. and 10:00 a.m. Body weight and height were measured following standard procedures using an electronic scale (model BC544; Tamita, Tokyo, Japan) and a mechanical stadiometer platform (model 274; Seca, Hamburg, Germany), respectively. Participants were weighed with bare feet or with light socks and wearing only lightweight clothing (e.g., shorts and t-shirt). Body mass index (BMI) was calculated as body weight in kilograms divided by the square of height in meters, and was classified as underweight, normal weight, overweight, or obese using the International Obesity Task Force criteria. 13 Waist circumference (WC) was measured at the midpoint between the last rib and the iliac crest using a tape measure (model 8004-MA; Ohaus, Parsippany, New Jersey). Test-retest reliability was body weight (intraclass correlation coefficient [ICC], 0.983), height (ICC, 0.973), BMI (ICC, 0.897), and WC (ICC, 0.967). To classify WC, we used criterionreferenced health-related cutpoints derived from de Ferranti et al 14 because of their large sample size, age-specificity, and relatively generalizable ethnicity.
We used standing long jump (SLJ) and isometric handgrip dynamometry as indicators of lower-body and upper-body muscular fitness, respectively. 15, 16 To assess lower-body muscular fitness, subjects were instructed to jump as far as possible using a 2-footed take-off and landing technique. They were encouraged to flex and then extend their knees, ankles, and hips, and to swing their arms to maximize performance. SLJ performance was calculated as the distance between the toes at take-off to the heels at the landing point. The best scores from 2 correctly performed jumps were used. Handgrip strength was assessed as an indicator of upper-body muscular fitness using an adjustable analog handgrip dynamometer (T-18 TKK SMEDLY III; Takei Scientific Instruments, Niigata, Japan). Students watched a brief demonstration of the technique and were given verbal instructions on how to perform the test. The dynamometer was adjusted according to the child's hand size in accordance with predetermined protocols. SLJ and handgrip measurements in a subsample of 229 patients, similar in demographic data and biological characteristics to the whole sample, were recorded to ensure reproducibility on the day of the study. The reproducibility of our data were R = 98% for SLJ and R = 96% for the handgrip test.
The speed-agility test (assessing speed of movement, agility, and coordination) was performed using 2 parallel lines drawn on the floor 10 m apart. The participant was instructed to run as fast as possible from the starting line to the other line and then return to the starting line, crossing each line with both feet every time. This test was performed twice, covering a distance of 40 m (4 × 10 m). Each time that the participant crossed any of the lines, he or she was instructed to pick up (the first time) or exchange (second and third times) a sponge that had been placed behind the lines. The stopwatch was stopped when the participant crossed the end line with one foot. The time taken to complete the test was recorded to the nearest tenth of a second. A slip-proof floor, 4 cones, a stopwatch, and 3 sponges were used to perform the test.
Flexibility was assessed as hamstring and lumbar extensibility, measured using the sit-and-reach test. Participants were asked to sit on the floor with legs out straight ahead. Feet with shoes off were placed with the soles flat against the test device and shoulder-width apart. Both knees were held flat against the floor. The measuring stick on the device has the zero mark at 25 cm before the feet. The result was recorded directly from the meter on the device. We used the 20th percentile as a threshold for unhealthy speed-agility and flexibility, as reported in school children and adolescents from Europe 17 and Spain, 18 respectively. The reproducibility of our data were R = 98% for the speed-agility test and R = 96% for the flexibility test.
Cardiorespiratory fitness was assessed with the 20-meter shuttle run test (20mSRT). 19 This test requires participants to run back and forth between 2 lines set 20 meters apart. Running speed started at 8.5 km/hour and was increased by 0.5 km/ hour each minute, reaching 18.0 km/hour per minute. Each level was announced on a tape player. The participant was instructed to keep up with the pace until exhaustion set in. The test was finished when the participant failed to reach the end lines concurrent with the audio signals on 2 consecutive occasions, or when the participant stopped because of fatigue. The participant received verbal encouragement from the investigators to achieve maximum performance to keep running as long as possible. The number of shuttles performed by each THE JOURNAL OF PEDIATRICS • www.jpeds.com Volume 188 • September 2017 participant was recorded. Unhealthy cardiorespiratory fitness was defined using either the cutoff by sex and age (shuttle runs or estimated peak oxygen consumption [VO2 peak]) listed in the healthy fitness zone (needs improvement and health risk). The FITNESSGRAM 20 has been shown to have predictive value for cardiometabolic health, and VO2 peak cutoff points were validated against the presence of metabolic syndrome using nationally representative US data. 21 The reproducibility of our data was R = 84%. Intrarater reliability was assessed by determining the ICC ( 0.96; 95% CI, 0.95-0.97).
Blood samples were collected between 6:00 a.m. and 8:00 a.m. by 2 experienced pediatric phlebotomists after at least 12 hours of fasting. Before blood draws, the child and parents confirmed the fasting condition. Blood samples were obtained from an antecubital vein, and analyses were completed within 1 day of collection. Triglyceride, total cholesterol, highdensity lipoprotein cholesterol, and glucose levels were measured by colorimetric enzymatic methods using a CardioChek analyzer (PTS Diagnostics, Indianapolis, Indiana). The fraction of cholesterol linked to low-density lipoproteins was calculated using the Friedewald formula. 22 The precision performance of these assays was within the manufacturer's specifications.
The prevalences of metabolic syndrome and its components were evaluated according to definitions provided by the International Diabetes Federation. [23] [24] [25] For children aged ≥8 years, metabolic syndrome was diagnosed based on abdominal obesity (using WC percentiles) and the presence of 2 or more of the following clinical features: elevated triglyceride, low-density lipoprotein-cholesterol, or plasma glucose levels or high blood pressure.
After the testing and blood draw, systolic and diastolic blood pressure were measured with an electronic oscillometric device (Ri-Champion; Riester, Jungingen, Germany) in the left arm with patient seated in a quiet room for 10 minutes with the back supported and feet on the ground, and recorded as the average of 2 measurements separated by a 5-minute interval. Before blood pressure measurements, the accuracy of the device was tested against a standard mercury sphygmomanometer in a random subsample (n = 25) to ensure no consistent difference of >10 mmHg in measured blood pressure; interobserver variability was R = 96%.
Maturational status (self-reported) was assessed based on the Tanner classification (stages I-V). 26 Each participant entered into an isolated room where, using a set of images exemplifying the various stages of sexual maturation, he or she categorized the development of his or her own genitalia (for boys), breasts (for girls), armpits (for boys), and pubic hair (for both sexes). The reproducibility of our data reached 85%.
The study protocol was explained verbally to the participants and their parents/guardians before they provided written consent. Participation in the study was fully voluntary and anonymous, with no incentives provided to participants. The Review Committee for Research on Human Subjects at the University of Rosario approved all study procedures (code no. CEI-ABN026-000262). The study protocol was in accordance with the latest revision of the Declaration of Helsinki and current
Statistical Analyses
Anthropometric components, physical fitness, and cardiometabolic risk factors of the study sample are presented as mean ± SD or relative frequency, n (%). The normality of the variables was verified using histograms and Q-Q plots. Because no significant interaction by age group (children or adolescents; eg, age group × active commuting) was seen to increase statistical power, all of the statistical analyses were performed with both age groups together.
Differences by group (cycling vs not-cycling to school) were analyzed using the c 2 test. To examine the OR and 95% CI of having an unhealthy profile (physical fitness and metabolic syndrome), we used multinomial logistic regression adjusted by age, Tanner stage, and parent education level. All statistical analyses were performed using SPSS version 21.0 for Windows (IBM, Armonk, New York). Statistical significance was set at P < .05.
Results
Of the students surveyed, 668 (23%) actively commuted to school by bicycle. Compared with girls, boys had higher values of/better performance in height, body mass, WC, diastolic blood pressure, SLJ, the 4 × 10-meter shuttle run, and the 20mSRT (P < .001 for all). In contrast, girls showed higher values of/ better performance in BMI, cholesterol linked to low-density lipoproteins, triglycerides, and the sit-and-reach test (P < .05 for all) ( Table I) .
Associations among cycling to school, physical fitness, and cardiometabolic risk factors by sex are presented in Table II . For boys, active commuters had significantly lower percentages of participants in the unhealthy category compared with passive commuters for the 4 × 10-meter test (P = .002) and the sit-and-reach test (P = .025). For girls, active commuters also had lower percentages of participants in the unhealthy category compared with passive commuters, with significant differences for SLJ (P = .012), the 4 × 10 m test (P = .005), and the 20mSRT (P = .026).
Finally, multiple logistic regression results predicting an unhealthy profile according to AST categories (cycling or noncycling) by sex are presented in Table III . In boys, active commuters had a lower likelihood of having an unhealthy 4 × 10 m result (OR, 0.72; 95% CI, 0.53-0.98; P = .038) compared with passive commuters. In girls, active commuters had a lower likelihood of having an unhealthy 20mSRT value (OR, 0.81; 95% CI, 0.56-0.99; P = .047) and having metabolic syndrome (OR, 0.61; 95% CI, 0.35-0.99; P = .048) compared with passive commuters.
Discussion
Most previous studies that have reported associations between AST and health-related physical fitness focused on September 2017 ORIGINAL ARTICLES cardiorespiratory fitness outcomes. In the review of Lubans et al, 27 the majority of studies indicated better cardiorespiratory fitness in active travelers, especially those who cycled to and from school. All studies that assessed walking and cycling separately found that cyclists had greater cardiorespiratory fitness than passive travelers 28 ; however, in those studies, cardiorespiratory fitness was assessed using different methods, such as cycle ergometer, 20mSRT, 1-mile run time, or even maximum VO2 by expired gases, which may preclude direct comparisons among studies. In the present study, compared with passive female commuters, active female commuters had better cardiorespiratory fitness on average and were less frequently clas- ) of the last completed stage and "A" accounts for the subject's age (in years). Bold type indicates significant between-group differences by the c 2 test.
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Volume 188 sified as having low cardiorespiratory fitness as assessed with the 20mSRT. Similar findings were reported in previous studies, with active travellers more likely to be classified as "fit" based on their performance on this test. 29, 30 The difference between the sexes found in the present study could be related to the fact that girls usually have lower physical activity levels than boys, as reported in the latest results from Colombia's 2016 Report Card on Physical Activity for Children and Youth. 31 For this reason, AST could be sufficient to promote improvements in girls' physical fitness.
There is little evidence of the association between AST and other physical fitness components (ie, beyond cardiorespiratory fitness). [32] [33] [34] Regarding muscular fitness, several studies have reported controversial results showing a positive association 32, 34, 35 or no association 33 with cycling to school. In Norwegian children and adolescents aged 9-15 years, there a positive association was found between AST and muscular fitness (higher isometric muscle endurance in the back extensor). 32 Likewise, in Spanish school-aged children, AST also was found to be significantly associated with higher levels of lower body muscular fitness in girls 34 ; however, only 0.1% of the participants cycled to school, which is not a sufficiently large sample size to study its effects. Confirming our multiple regression results, another study showed no associations between AST and muscular fitness in Danish adolescents aged 15 to 19 years old. 33 In the Norwegian and Spanish studies, lower-body muscular fitness was assessed by the SLJ test, the same test used in the present study, which is considered a general index of both lowerbody and upper-body muscular fitness in children and adolescents. 35 However, in the Danish study, the functional strength of leg extensors was measured by the Sargent Jump Test, and the functional strength in the dominant arm was measured by the iron ball throw test.
Finally, the positive association between AST and speedagility was reported in only 2 studies. 33, 34 In Spanish schoolaged children, active commuting (mainly walkers) was significantly associated with higher levels of speed and agility in boys; although no clear explanation was given for this finding, it was speculated that boys are often more competitive than girls at this age. 34 Contrary to our findings in both sexes, the Danish study did not find an association between AST and speed and agility assessed by the 4 × 10 m shuttle run test, although the age of their sample differed from ours in the present study (ie, children vs adolescents). 33 A quasi-experimental study that focused on increasing children's AST did not report increases in health-related fitness in boys or girls, 36 suggesting that more research with a randomized clinical trial design is needed.
Several studies have analyzed the relationship between AST and cardiometabolic risk factors in schoolchildren. 37, 38 A longitudinal study of Danish youths 38 reported no differences in cardiometabolic risk factors between passive travelers and walkers, but children cycling to school showed consistently better risk factor levels. In the present study, active female commuters had a lower likelihood of having metabolic syndrome compared with passive commuters. In the aforementioned Danish study, 38 differences between cyclists and noncyclists were greater in adolescents than in 9-year-old children. Changing from noncycling at age 9 to cycling at age 15 was associated with a better composite risk factor score than remaining a noncyclist, and the opposite change (stopping cycling) was associated with a worse score. Likewise, a study of Spanish children found higher cardiometabolic risk levels in those who lived closer to school compared with those who lived father from school 37 ; however, no differences were in the metabolic syndrome index were found between children who walked/ cycled daily to school and those who actively commuted to school less frequently. Unfortunately, we were not able to measure the distance from home to school. Similar to findings from a previous randomized controlled trial where researchers investigated whether cycling to school induced improvement of the clustering of cardiometabolic risk factors, 39 we concluded that cycling to school contributed to the lower standardized composite score in the AST group.
In our study sample, the most determinative factor for active commuting to school was the educational level of the parent or parents. A higher level of educational achievement (university or postgraduate) was correlated with a greater probability of the child actively commuting to school by bicycle. 6 The primary limitations of this study are inherent to its crosssectional nature and the type of sample used. It would be important to increase the population sample studied by including different age groups, or by expanding the survey to private schools. 12 Our results provide some evidence that regular cycling to school compared with passive commuting may be related to greater speed and agility, muscular fitness, and cardiorespiratory fitness and a lower risk of metabolic syndrome, particularly in girls. Our results, together with those of other studies, should provide an impetus for the necessary social, environmental, and individual changes needed to promote safe bicycling for children and adolescents, and to maintain or improve healthy levels of cycling activity. ■
